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Abstract: Objective To find out the optimal light quality for plant growth and bioactive metabolites accumulation of Angelica
sinensis, and provide references for regulating the growth and metabolites product accumulation of 4. sinensis. Methods The A.
sinensis plants grown in pots were exposed to three different light qualities (red, blue, and infrared light) with white light as the control
(CK), the growth characteristics of plants, contents of main bioactive metabolites, and expression level of key genes were determined.
Results There were significant differences in the growth characteristics, main bioactive metabolites accumulation, and key genes
expression of 4. sinensis under different light qualities. Compared with the CK, blue light significantly promoted plant height, root
length, chlorophyll content, and stomatal aperture; red light and infrared light could promote some growth parameters (e.g., plant height
and aerial parts dry weight) to some extent; however, the blue, red, or infrared light had no significant effect on biomass accumulation.
Red light significantly promoted soluble sugar accumulation, blue light significantly promoted total flavonoids accumulation, while
infrared light significantly promoted accumulation of ferulic acid, ligustilide and total phenolics as well as in vitro antioxidant capacity.

The three light qualities could promote the expression levels of almost genes related to the biosynthesis of main bioactive metabolites
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(i.e., ferulic acid, flavonoids, volatile oils, and polysaccharides); for example, the caffeic acid 3-O-methyltransferase (COMT) gene

involved in ferulic acid biosynthesis showed the highest upregulation under blue light, the chalcone isomerase 2 (CHI?2) gene involved

in flavonoid biosynthesis was significantly upregulated under infrared light; and the 1-deoxy-D-xylulose 5-phosphate synthase (DXS)

gene involved in volatile oil biosynthesis was significantly upregulated under red light. Conclusion Monochromatic light qualities

(blue, red, and infrared light) presented specific effects on the growth and main bioactive metabolites accumulation in 4. sinensis, thus,

the regulatory effect of combined lights on the growth and metabolites accumulation requires further study.
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22 AKEBEMNHEESENE

HUAS[RDG AR BE S R AR 10 75 20 #&, & ik
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Fig.1 HPLC of mixed reference standards and samples

treated with different light qualities
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Table 1 Linear regression equations
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HANES Y=11.181 X+11.739 0.998 2 1.25~50.00
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# 2 qRT-PCR #3035 41575
Table 2 Sequences of primer used for qRT-PCR determination

EEEAS HEH Y3 (5°537) ¥ Biop

HizhEH ACT 1EA:ATCCTCCGTCTTGACCTTGC 104
Jf): ACGATTTCCCGTTCTGCTGT

KNERFAN 2 PAL2 1E[A: TCAACGGTGAACTCCATCCC 117
J2[5):GCATCAATGGGTAGGTTGCG

4-F5 G R-CoA HHBFE 6 4CLL6 EfA:ACTCACTTCCCGGTTGTACC 107
2 [5]:GCAGCACCACATGAAACCTG

RENER LB 4 HCT4 EMA:TTGCACTAGGATGTGGGGTG 158
J% [i: CACTGGAGTAGGTGGATCGC

WIHERR 3-O- FF 3L 5L R iy COMT E[:TTATCCTGGTGTGGAGCACG 104
J% [6: AATGTGCATCGCTCCAATCG

WIHERR S A O- 1 FL 5 75 il CCOMT 1Ef:GAGCCAGCTGATGCTCCTATG 132
J% :CAGGGTAACTCCATCACCCAC

a-2 A 2 AGAL2 Ef:GTATCAACCGGACTTGCTGC 12

2 6):GAAATGTTGAGCGTCTGGGC

FFERE AT 1 GOLS1 EA: TACGGCAATGTGGACGAACT 119
2 5):GGGCATTGTTGGCAGTAACC

Tl R AR A INVA Ef:TGTTGAGGGAAGCGGTTGTT 124
J% ]:GCAGACGGAACAAAATCCCG

TR A 2 SUS2 Ef:TGTGGAAGCCATGACCTGTG 132
J% [7: GCCATGAGATCAGCAGCCTT

o, o FEFE R R & W [UDP 4= 215 TPS5 1E[A:AGCGAGGTTACATTGGCCTT 17
J% [i: TCAACCCCAAGCAACACAGT

= H A 2 CHS?2 1E[A:CCGGATCTATCCCTTGAGCG 110
J% :GTAAGGCCCACTTCACGGAG

21 B - 5 e R S A I 2 CHI2 EM:CAAATTTTCCTCCGGGCTCC 144
2 5): AGTCCAGTACTGCTTCTGCC

T P /TR 3-FR AL FLSI 1E[A:ACCACCGAACTACCGTGAAC 100
J28): ATGAGCTTTGAGAGGGGTCC

UDP-#i] %] F 2 W R 3-O-#i % Wi SE L R 1 6 GT6 EM:TTTACGACTGGTGGAGCGAC 168
J[:TCCGCTGAGTTCCAATGCTT

AT 4-18 5 DFRA 1E[f:ACAGCACTATCACCGCTCAC 134
J% [A: ATGTATCTTCCCTGCGCTGT

W RIR 13S-HEE A 3-1 LOX3.1 EA: TGCTGATGGCGTTATCGAGT 138
J2[6): TCTGGTACTGCCATTCCCCT

9- M-I SEEAEE N &= 0N A NCEDI IEf: TGCCACCGTCTTCCAGTTAC 103
R [: AGTGATGTCCTGCAGTTGGT

B AR P 2K ADHI Ef:AGGTTGACCCGCAAATTCCT 148
J% [1: GCAACCGCTAACCCAATCAC

12- Y G TRIE IR 3 OPR3 IE[A:CACTACCGTCAGGCTGCAAT 131
J2[6]: CCACCATACTCGTCTGTGCG

1=t S8 - D- A Bl -5 - 1 5 TG DXS 1EA:CAGAGCTGGGCTAGTTGGAG 108

R [f:TCTACGCCAATCCCGTTTCC

*3 AEDERXEHFERE KRR RS ENEN

Table 3 Effects of different light qualities on growth characteristics and chlorophyll content of A. sinensis

KB Hi#i/em 1 K/em WETREE  WFTREE SR E Rmgg)
CK (HY%) 24.6712.84¢ 9.55+2.11° 0.21£0.05% 0.25+0.452 1.94+0.06°
a9 20.51+3.694 9.11+£2.37° 0.24£0.092 0.21£0.06% 1.39£0.04¢
Wk 31.77+3.56* 11.88+2.872 0.22£0.142 0.21£0.082 1.98 £0.042
AR i 28.05+2.81b 9.26+2.03% 0.15£0.05° 0.19+0.102 1.29+0.064

AREVNG TR A E RSB FEDBFAC AR P<0.05 7K NIk EI B #ERE R

Different lowercase represents a significant difference among different light qualities treatments at P < 0.05 for the same growth parameters.

, R ERRE . REKAMSZE (atb) &
%, SERIEEIN T 1.28. 1.24 F11.02 1%

JREEFER, R TR B IE R 8% 2= 7K1

AT R MR (atb)

AN RF et bR, (HEM ETRE. R TR

, fHAEH B BAIMSGER (atb) SEEE TR, WRKLREE

Fto DLEAIRRY], RE RO SN —E

SREEETRE, M R AR RS, HEART HITEK

ETREEFEN, W TRE. RKEEEZR: THURRER.
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(K 2-A~D). 5 CK () bk, #Eieibs<IL
FEEERIN T 1.13 f%, eI AL BEERAR T
17.01%41 10.73% (& 2-E~L). L 45 RE,
WORHE R T R AEKADCAEIER, aXmasi
FHIZ -
33 FRFXEMFBRBRIZANEGESEFMN

BH T 3 Fro, AN 5] o7 Ak B ) e 200 B 6 A Y
fesr s A EEEW. 5 CK (F6) ML, a4t
2 E R B A B A A BRAL R, AN T 1.33
AL16 5, L6 WEEAFI BT 20 e A EE A 9 I
A, DHEKT 9.46%. 35.41%A1 18.91%.
27.54%. LA EZERF, DAMEE T 10 EEER
FEEAR N B R
34 AREPERXEMEMRRE N

FH 4 Frow, AR5 A B FAh S 1 5 CrT

A PR 4 5

A\

CK (A% a9

FERE. SIS MAREEEEEW., 5
CK (HI6) AHE, 406 E (et nI s PR & 2R,
WhnT 111 £%, SIEESERFIKT 16.70%, &
TR, HRIAREEZEFKF: ELEERE
SIS EMR, #7112 4%, Ea R
EEEIKT 6.17%HM 19.49%; LA 8 Tt s
FREME, WINT 134 5, HEAEERE S ERE
Bk, BEMSRLREER. U RgREY, a4
HeB R TR R B E AT R B R
MELAMEE R T BB R R .
3.5 AREBPERIHMEIMAEL IR
B S o, ARG AR BT 24 AR SR BOGR A4
ShptAtRe TR B . 5 CK ()60 ML,
ZLAME R e = DPPH #1281 FRAP {8, 4 il
IHT 1.53 A1 1.23 £%, £I6F#E% DPPH #ii 1
FRAP HAEFT R, DL EZEREW, aiMeRER
BRI BGR PR SMTE AL R
3.6 ARIFEXMPTREREYE ALK BEEFEFRIEK
SS-A!
WIE 6 frar, AN 5 Ab X BT 2R R A= 4 6 ik

HEEZFEPmM. 5 CK(H

. .

UE- L3 J%; Ch-M&tk; STH4RAL; SP-Sfl; LE-F&RM; GCfRT4IM. A, EF I st (A% 43; B. F Al T RoRabibH,

C. G M KRRl e, D, HA L RRLIMDEIEH,

UE-upper epidermis; Ch-chloroplast; ST-spony tissue; SP-stomatal pore; LE-lower epidermis; GC-guard cell. Images A, E and I represent the white light

(CK) treatment; Images B, F and J represent the red light treatment; Images C, G and K represent the blue light treatment; Images D, H and L represent

the infrared light treatment.

B2 FREEX =AM ARG

Fig. 2 Effects of different light qualities on leaf tissue structure of A. sinensis
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2.59 457 a
a 401 b {
Ps 2.0 — ~35]
\gﬁ b ‘% 30 .
E ¢ d £25] d
£ 10 2 201
B £ 159
B ®
= 101
0.5 i
5_
0
Ock ¢ [SPIDIAW N 5, AR/ CK (EJ6) 406 Wt 44k
ANFE/NGFRERRAFDERAIEAE P<0.05 KF AR EFEEZER, FH.

Different lowercase represents a significant difference among different light qualities treatments at P < 0.05, same as below.

B3 AREMEERXHFAMREBEMZANEESEF

A
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